We report the isolation of organisms belonging to a range of cyanobacterial genera from the remote arid region of central Australia, together with a preliminary characterization of their temporal modes of nitrogen fixation. We rendered unialgal Dermocarpa and Myxosarcina spp. (Section II organisms), LPP group B: type X (Section m), and Scytonema and Nostoc spp. (Section IV). We developed an isolation procedure based on a combination of published methods and applicable to a broad spectrum of cyanobacterial genera. We found light intensity to be a critical variable in our methodology; it was also an important determinant of the proportions of different organisms growing in stable mixtures.
Nitrogen-fixing cyanobacteria clearly have a role in supplying nitrogen to desert ecosystems (8, 14, 21) , including the arid region of central Australia (13, 15, 18) . In the Australian context, no systematic study appears to have been done on the nitrogen-fixing properties of cyanobacteria that have been rendered unialgal. The present work is an extension of that reported earlier (15) ; it was initiated both to isolate a range of genera from this remote region and to carry out a preliminary characterization of their modes of nitrogen fixation. The isolation procedure reported here represents a possibly unique strategy for using previously published techniques to isolate a broad range of cyanobacterial sections (10, 11); we found that light intensity provided a powerful variable for the separation of different organisms. We isolated Dermocarpa and Ayxosarcina spp. (Section II organisms), LPP group B: type X (Section III), and Scytonema and Nostoc spp. (Section IV). We studied the patterns of nitrogen fixation ofDermocarpa spp., LPP group B: type X, and Scytonema spp.
MATERIALS AND METHODS
Cyanobacterial origins. Cyanobacteria were isolated from the samples described in an earlier publication (15) . The samples were taken from the Yulara and Ti-Tree Basin regions of central Australia. The sites are specified in Table   1 .
Enrichment and growth of cyanobacteria. The organisms discussed here were isolated from the original samples (15) , which had been enriched for cyanobacteria in the nitrogenfree medium of Allen and Arnon (1) with a fourfold increase in the NiSO4 concentration. For Dennocarpa spp. and LPP group B: type X spp., full-strength medium was used; for all other organisms, the medium was diluted to one-eighth strength for all components except for phosphate and NiSO4. For Isolation of cyanobacteria. Many methods for the isolation of cyanobacteria have been described (2, 3, 9, 10, 12, 16, 17, 19, 20, 22) , and a judicious choice of methods is required to isolate organisms from several of the cyanobacterial sections. After much trial and error, we developed a protocol that involved one or more of the following procedures: (i) movement in unidirectional light on smooth or scored agar plates (19) ; (ii) differential movement of organisms on agar plates at different light intensities; (iii) differential migration of organisms through 5 mm of an agar overlay on plates at different light intensities (2, 17) ; (iv) differential sedimentation; (v) differential susceptibility to photobleaching, and (vi) dilution streaking. The following general strategy was chosen as optimal for the most rapid isolation of organisms.
The cyanobacterial liquid enrichments (15) grew as tangled mats. For routine growth of liquid cultures, a small piece of a mat was inoculated into 150 ml of medium in a 250-ml Erlenmeyer flask, stirred with a magnetic bar, and sparged with 0.3% CO2 in air at 25°C on a dark-light cycle of 12 h each for 7 weeks (subsequent work indicated that the higher temperature of 30°C increased the growth rates). When Scytonema spp. were present, they were the predominant organisms after this period; they existed, however, as a stable mixture with other types of cyanobacteria. Light intensity was a critical variable, with different organisms being enriched preferentially at different intensities. Cells were dispersed by being drawn up and down in a 10-ml graduated pipette, concentrated by low-speed centrifugation (1,000 x g, 10 min, room temperature), and washed at least twice with sterile medium, each time being dispersed through a pipette. A sample was then taken and subjected to movement on agar plates, movement through an agar overlay on plates, and dilution streaking. Additionally, a sample of the supernatant from the last wash was spread on an agar plate.
The agar plates (aged [19] It is clear that for the isolation of a cyanobacterium from a mixed culture, it is very useful to determine initially the light intensity at which the organism of interest is preferentially enriched.
Growth and isolation of the cyanobacteria. Dermocarpa spp. (Fig. 2, panels 1 and 2) were grown in liquid cultures both aerobically and microaerobically. The organisms were very difficult to grow in nitrogen-free liquid cultures. For aerobic growth, cells were not sparged because the combination of gassing and agitation caused the cells to photooxidize. Microaerobic growth was achieved by sparging the cells with 0.3% C02-5.7% air in N2. Regular replacement of the medium stimulated growth. The cells were yellowish green in appearance, indicating nitrogen limitation; the addition of 0.5 mM (NH4)2HP04 to the medium caused the cells to develop a green coloration and to grow more quickly. Light intensity had a strong influence on the growth of Dennocarpa spp.; the best growth was observed when flasks placed on aluminum foil to provide a reflective surface were exposed to directed light at 70 microeinsteins s1 m-2. During enrichment on scored agar plates, baeocytes moved quickly in the grooves away from other organisms and APPL. ENvIRON. MICROBIOL. Growth of LPP as a halo around the inoculum on an agar plate. (5) Movement of LPP across an unscored agar plate away from the inoculum and towards the light (the direction is indicated by the arrow; LPP are immediately adjacent to the arrow). (6) (Fig. 1, panel 2) (Fig. 1, panel 3 ).
LPP group B: type X spp. (Fig. 2, panel 4) were isolated by one of four methods. First, these organisms were found to be resistant on agar plates to a light intensity (150 microeinsteins s-1 m-2) that photobleached other organisms. They were enriched by incubating scored agar plates under this light intensity for 7 days. During this time, there was initial movement of the LPP and of other organisms towards the light, followed by a photobleaching of all organisms except for the LPP, which remained green and could easily be picked off the plates above the grooves. Second, at a somewhat lower light intensity (40 microeinsteins s I m-2), filaments of LPP moved slowly away from the inoculum applied to scored agar plates and could be picked pure from the halo surrounding the inoculum after 7 days, by which time other motile organisms had migrated to the edge of the plates (Fig. 1, panel 4) 4 days had left all other cyanobacteria behind (Fig. 1, panel   5 ).
LPP were the most readily isolated of all the cyanobacteria. They were isolated from different soil samples, and it appears that the choice of isolation method depends to some extent on the composition of the initial material. They grew slowly in nitrogen-free medium when sparged with 0.3% C02-5.7% air in N2 at a relatively low light intensity (20 microeinsteins s I m-2); the filaments were blue-green. Like Dermocarpa spp., LPP did not grow well when sparged and stirred with a magnetic bar; under these conditions, the filaments were yellowish green. LPP did not grow in air-0.3% CO2 or in air. LPP produced mucus copiously when stressed and in the stationary phase. In liquid cultures, LPP were susceptible to photobleaching at a higher light intensity. Nostoc spp. (Fig. 2, panels 7 Possible nitrogen fixation by Dermocarpa spp. Cells of this organism grew slowly as unshaken cultures in nitrogen-free medium; they were yellow under these conditions. Acetylene reduction may occur in the dark, but we have been unable to demonstrate this process conclusively because of uncertainty arising from the total absence of heterotrophic bacteria.
Acetylene reduction by LPP group B: type X spp. LPP group B: type X spp. were found to reduce acetylene in the dark under microaerobic conditions when grown on a darklight cycle (Fig. 3) . The activity reached a maximum by the end of the dark phase and fell immediately to zero on the return to the light phase.
Acetylene reduction by Scytonema spp. Scytonema spp. alone reduced acetylene predominantly in the light when grown on a dark-light cycle (Fig. 3) . During the light phase, the activity increased quickly to reach a maximum at about 5.5 h after the light phase began. It The dark phase is indicated by the black bar. For the Scytonema spp., the gas phase was air, and for the LPP, it was dinitrogen; in both cases, the acetylene was added to 10% of the gas phase. The units on the ordinate refer to nanomoles of ethylene produced per hour per milligram of cell dry weight.
The work described here suggests that light is a powerful variable in cyanobacterial isolation.
The organisms that we isolated are Dermocarpa spp., Myxosarcina spp., LPP group B: type X spp., Nostoc spp., and Scytonema spp. Each of these had grown in nitrogenfree medium and might therefore have been presumed to fix nitrogen. However, it is always possible, in view of the known capacity of cyanobacteria to release fixed nitrogen, that some cyanobacteria grow on the nitrogen released by nitrogen-fixing organisms. Indeed, a striking observation in this work was that Dermocarpa spp. grew much better in association with Scytonema spp. than by themselves when stirred and sparged with 0.3% CO2 in air. Similarly, LPP grew well with Scytonema spp., whereas alone they only grew at a low light intensity microaerobically and without stirring. Scytonema spp. were observed to lag less when grown with a mixture of other cyanobacteria before inoculation from a stationary-phase culture into fresh medium.
It Scytonema spp. fixed predominantly in the light (Fig. 3) . This latter observation contrasts with that of Khamees et al. (6) , who reported that Scytonema japonicum fixed nitrogen constantly across the dark-light cycle. Interestingly, the genus composition of the mixed cultures varied with different light intensities, with possible ecological consequences.
